In the normal mammary gland, communication between the epithelium and the surrounding stromal cells generates and maintains cellular differentiation and epithelial polarity, and provides the organizing principle for complex tissue structures 1, 2 . These interactions are adaptive, and can attenuate the effects of tumorigenic alterations, as demonstrated by the fact that epithelial cells harboring oncogene-activating mutations can exist within normal tissue but be prevented by normal contextual cues from becoming malignant [3] [4] [5] [6] [7] . Accordingly, evolution of a tumor to malignancy requires persistent alterations in both the epithelium and the stroma. Consistent with this expectation, genetic alteration of signaling receptors in stroma can lead to tissue-specific epithelial tumors 8, 9 , and alterations in the microenvironment can release the suppression of context-inhibited malignant cells, allowing tumor growth 10 .
Polarity is a fundamental property of epithelium, allowing the surfaces of cells and tissues to divide into distinct apical and basolateral Class I phosphatidylinositol 3-kinase (PI3K) is activated by growth factor-responsive tyrosine kinases such as epidermal growth factor receptors (EGFR) 23 and integrin-responsive kinases such as focal adhesion kinase (FAK) 24 . Activated PI3K leads to the production of membrane-associated phosphatidylinositol 3,4,5-trisphosphate (PIP3), which in turn causes the recruitment to the cell membrane and subsequent activation of a number of signaling molecules such as Akt and SGK, which regulate cell proliferation and apoptosis 25 . PI3K regulates Rac1, a small GTPase that has numerous functions including polarity control 26 , that is one of the key mediators in processes that regulate cell orientation and directionality of chemotaxis for both Dictyostelium and cultured human leukocytes [27] [28] [29] . Its pleiotropic effects make PI3K an ideal candidate signaling mediator to explore whether cellular proliferation and polarity can be uncoupled in bifurcating downstream signaling pathways.
PI3K is one of the major oncogenic kinases and is constitutively upregulated in a substantial fraction of human cancers 25 . Genetic studies in transgenic mice revealed that PI3K was essential for polyomavirus middle T-mediated mammary tumorigenesis 30 and upregulated PI3K
signaling by overexpression of a constitutively active subunit of PI3K or by inactivation of the PIP3 phosphatase PTEN led to tumor formation in various tissues 25, 31 . Moreover, overexpression of PI3K in cultured nonmalignant human mammary epithelial cells is sufficient to confer a malignant phenotype 32 .
To address the question of whether proliferation and polarity are Our analysis showed that down-modulating PI3K signaling by treating with specific PI3K inhibitors LY294002 or wortmannin was sufficient to reduce both cellular proliferation and anchorage-independent growth, and to restore apicobasal tissue polarity in the context of 3D lrBM.
Significantly, PI3K and its phospholipid product PIP3 were localized to the basal pole in the reverted spheres ( Figure 1 ) 22 . These findings demonstrate that dysregulated PI3K activity can directly affect proliferation and polarity, and that these effects are reversible in the lrBM model system.
Akt is one of the central effectors of PI3K that mediate cellular proliferation and survival 25, 36 . In contrast to the tumorigenetic effects of activated PI3K signaling 37 , and targeted deletion of PTEN 31 , ectopic expression of active Akt is not sufficient to disrupt tissue structure or stimulate tumor development, although it can enhance the potential for development of more massive 20, [38] [39] [40] [41] [42] . Consistent with these findings, we observed that active Akt caused increased proliferation in the 3D lrBM reversion assay, but did not prevent the re-establishment of basal tissue polarity upon PI3 kinase inhibition 22 ( Figure 2) ; similar effects were observed by treating cells with rapamycin (unpublished data), a specific inhibitor of mTOR (mammalian target of rapamycin), a major downstream effector of Akt and a regulator of cell proliferation and growth 43 .
Proliferation was significantly reduced by rapamycin, but tissue polarity could not be restored. A separate study showed that expression of active Akt in nonmalignant human mammary epithelial MCF-10A cells cultured on 3D lrBM increased the size and cell number of the acinar structures but did not disrupt basal polarity 44 . These results show that while active Akt can stimulate proliferation, it does not affect cell polarity, implying that additional pathway(s) downstream of PI3K and parallel to Akt must exist to control polarity.
The Rho family of GTPases have been extensively investigated for their function in cell organization and function 45 . Rac1 is a RhoGTPase that is a component of an evolutionarily conserved protein complex (PAR3/PAR3/aPKC) that is key for regulation of cell polarity 46 .
Dysregulation of Rac1 activity in kidney epithelial cells cultured in 3D
compromises cellular polarity 47 . It has been shown that PI3K affects Rac1 activity through control of its activators Tiam1 and Vav1 48 . We found that Rac1 activity was decreased in T4-2 cells treated with PI3K inhibitors, and that while cell proliferation was unaffected, basal tissue polarity could not be restored in cells expressing constitutively active Rac1 (Figure 2 
